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Description 

This invention relates generally to remote object position and orientation determining systems employing an elec- 
tromagnetic coupling and more particularly is directed to new processing techniques for such systems. Remote object 
position and orientation determining systems employing electromagnetic couplings are known in the prior art. Examples 
of such systems are disclosed in European Patent Application No. 0058412. US Patent Nos. 4287809 and 4737794 
and International Patent Application No. WO 92/00529. Such systems are used tor tracking and determining the position 
and orientation of remote objects in a wide variety oi applications. Such systems traditionally have a source assembly 
that Includes a set, typically three, generally concentrically positioned, of orthogonal field-generation antennas for 
generating a plurality of electromagnetic fields. Located at the remote object is a sensor having a set. also typically 
three, generally concentrically positioned, of orthogonal receiving antennas tor receiving the electromagnetic fields 
generated by the transmitting antennas and producing signals corresponding to the received electromagnetic fields. 

Processing algorithms for resolving the signals produced by the receiving antennas into rernote object position 
and orientation contain Implicit assumptions that the field-generation antennas are spherically concentrically positioned 
(meaning that their center be collocated) and that the receiving antennas are spherically concentrically positioned. 
These assumptions may not be warranted depending on manufacturing tolerances and on desired accuracy Because 
of the manner in which coils are wound and because of practical tolerances of collocating the coils' centers or the 
centers of other types of magnetic field antennas, the three antennas' centers can be displaced from an intended 
common center by appreciable amounts. Because each field measurement data interpreted by the processing algorithm 
is the result of two operating coils, a source coil and a sensor coil, both of which may be experiencing non-concentricity, 
the opportunity for error in the position and orientation solution is very great. 

Early remote sensor tracking systems, which operated within a relatively small volume of space with relatively 
limited sensor attitude angles, did not require exceptional accuracy. With such low performance expectations, manu- 
facturing techniques were sufficient to keep non-concentricity deficlencleis of the source and sensor within acceptable 
tolerances. As accuracy requirements have become more demanding and other sources of error have been eliminated 
or mitigated in position and orientation measurement systems, errors resulting from source and sensor non-concen- 
tricity have become a limitation of system accuracy performance. Attempts at solving non-concentricity errors by better 
manufacturing processes have not only proved to be ineffective but have added significant cost. - 

Prior art position and orientation algorithms such as those used in the above referenced documents have dictated 
a requirement that the centers of the coils in the coil set making up the. source antennas be collocated and the centers 
ol the coils of the coil set making up the sensor antennas be collocated. In addition to the difficulty of accurately man- 
ufacturing such devices, this places a severe constraint on source and sensor coil configuration. Other coil geometries 
may produce more desirable packaging. 

The Invention is defined In the accompanying claims to which reference Is now made. 

The present invention provides a processing technique that reduces errors in position and orientation determining 
systems resulting from the non-concentricity of the coil set defining the source and/or the coil set defining the sensor. 
Advantageously, the invention provides small-scale non-concentricity compensation and large-scale non -concentricity 
compensation. The small-scale non-concentricity compensation accommodates imperfections in the coll sets defining 
the source and the sensor. The large-scale non-concentricity compensation allows physical separation of the coil, set 
defining the source to dispersed locations that may be more desirable for a particular application. Likewise, the coil 
set defining the sensor may be separately located in appropriate desirable locations on the remote object 

The invention may be embodied in a system for determining the position and orientation of a remote object relative 
to a reference coordinate frame, having a plurality of electromagnetic field generation means and a plurality of elec- 
tromagnetic field receiving means. The generation means have spatially independent components that define a source 
reference coordinate frame and the receiving means, which are disposed on a remote object, have spatially independ- 
ent components for receiving each of the generated electromagnetic fields and define a sensor reference coordinate 
frame. Multiplexed electrical signals are applied to the field-generation means to generate a set of distinguishable 
electromagnetic fields. The electromagnetic fields are received and a set of signals is collected that is representative 
of the received components of the electromagnetic fields. 

The invention includes processing the components of the electromagnetic fields into remote object position and 
orientation while compensating for displacement of the components of the field-generation means from the source 
reference frame and/or displacement of the plurality of receiving means from the sensor reference frarrie. Calibration 
data is gathered of the coll set defining the source or sensor during the manufacturing process and is applied in real 
time during execution of the processing algorithm to compensate either the sensed field data or the position and ori- 
entation solution data. 

The invention can be put into practice in various ways some embodiments of which will now be described by way 
of example with reference to the accompanying drawings in which: 
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Fig. 1 is a functional diagram of a position and orientation measuring apparatus useful with the present invention; . 
Fig. 2 is a diagram illustrating a source and a sensor in which particular coils are non-concentric and symbolic 
notation used in the processing strategy according to the present invention; and 
Fig. 3 is a process flow diagram according to the Invention. 

a) APPARATUS 

With reference now to Fig. 1 , a functional diagram ot the apparatus tor detennining the position and orientation of 
a remote object relative to a reference coordinate frame is illustrated. A source of electromagnetic field is generally 
illustrated at 10. The source includes a plurality of field-generation means such as generator antennas 11 , 12 and 1 3. 
Generally three mutually orthogonal antennas are preferred; however, it is only necessary that no two antennas be 
parallel. Also it is not necessary that there be precisely three antennas in a set. In the present embodiment, the system 
operates in the near field. Magnetic loop antennas are provided at 11, 12 and 13 which establish quasi-stationary 
magnetic fields. Quasi-stationary magnetic fields are low frequency fields that vary so slowly with time that radiation 
effects are negligible. The three antennas 11 , 12 and 1 3 are thus defined by the source magnetic moment vectors m^^, 
andlfi^ expressed in the coordinate reference frame identified by the identically orthogonal axes x^. X2, andx^ 
(Figure 2). Although the present embodiment operates in the near field with loop antennas, it should be appreciated 
that other embodiments may operate in the far field with other transmitting means, and rotating magnets can be sub- 
stituted for the near field loop antennas. 

• A transmitter is provided for applying electrical signals to generator antennas 11,12 and 1 3 to generate a plurality 
of low frequency electromagnetic fields; in this case the frequencies are on the order of 10 kHz, but may be any 
frequency from zero to several hundred kHz. The signals are multiplexed so that the fields generated by each of the 
antennas are distinguishable. For example, functionally the transmitter includes a signal generator 20, a multiplexer 
21 and driving amplifiers 22 for supplying power to each of the transmitting antennas 11, 12 and 13. In most current 
embodiments of the invention, the signal generator comprises a sine or cosine generator and the multiplexer comprises 
a conventional circuit lor time division multiplexing the signals applied to each of the field-generating antennas: it should 
be understood that in this case, three driving or power amplifying circuits will be provided, each of the circuits being 
connected to one of the three field-generating antennas 11,12 and 13 with the multiplexer sequentially applying an 
excitation signal to each of the antennas through the three individual driving circuits. However, it will be appreciated 
by those skilled in the art that any one of a number of suitable multiplexing techniques may be employed, Including 
time division multiplexing, frequency division multiplexing, or phase multiplexing and a suitable transmitter for Imple- 
menting such a multiplexing technique will be provided. 

A sensor is provided, generally illustrated by the numeral 30. which comprises a plurality of receiving antennas 
31. 32 and 33 for receiving the electromagnetic fields generated by the source 10. The receiving antennas 31, 32 and 
33 are preferably loop antennas but other technology antennas such as flux gate, Hall effect, and magnetoreslstive 
devices may be used. It is important that the receiving antenna produce an output proportional to the magnitude of the 
magnetic field and the cosine of the included angle between the directions of the magnetic field and the antenna axis. ' 
For a loop antenna the direction of the antenna is perpendicular to the plane of the coil with the well known right-hand- . 
rule detemriining the sense. The term dipole receiving antenna is used hereafter to describe this relationship. In the 
present case, it is necessary that the receiving antennas 31 , 32 and 33 span three dimensional space and conveniently, 
these antennas are disposed on three mutually orthogonal axes a^, Sg, anda^ , respectively. In some embodiments 
of the invention, it may not be preferable to use three antennas, for example, two orthogonal antennas or an antennas 
structure which provided the equivalent of two spatially independent components would be sufficient to create six 
signals from which the six degrees-of-freedom of position and orientation of the sensor 30 could be derived. However, 
in the present case it is considered desirable to provide three mutually orthogonal antennas to provide nine independent 
measures of the three electromagnetic fields generated by the source 10 from which the six independent position and 
orieritation parameters are derived. The receiving antennas 31, 32 and 33 are thus defined by receiving vectors a^^, 

and 33 defined in a serisor reference coordinate frame identified by the identically orthogonal axes , pg, and , 
respectively The outputs of the antennas 31. 32 and 33 are inputted to a multiplexer 41 which in the present case is 
again preferably a time division multiplexer In the case of time division multiplexing, it is normally preferable for the 
multiplexer 21 and the multiplexer 41 to be controlled by a common clock signal so that, for example, when the first 
source antenna 11 is excited, the components of the electromagnetic field generated by the first source antenna 11 
received by each of the three orthogonal receiving antennas 31 , 32 and 33 are identified. The output of the multiplexer 
4 1 is then amplified at 42 and inputted to a synchronous demodulator at 43, The synchronous demodulator 43 provides 
a phase sensitive technique for demodulating the carrier. That is, the detection will produce positive or negative results 
depending on the orientation of the receiving antenna relative to the direction of the nriagnetic field at the antenna. The 
output of the synchronous demodulator 43 goes tiirough a low pass filter 44 which smooths the signal providing a DC 
output proportional to' the received signal component. An analog to digital conversion' is provided at 45. However, it 
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should be appreciated that a state of the art signal processing circuit or unit could be used to replace the synchronous 
demodulator and the low pass filter. For example a matched-filter can be executed In a digital signal processor which 
accomplishes band pass filtering, synchronous demodulation, low pass filtering, and many other types of signal con- 
ditioning processes for improving the processed signal-to-noise ratio. In this case, the A/D converter would precede 
the processor unless the processor included an A/D converter. The signal set from the analog to digital converter 45 
is then inputted to a suitable processor 46 where the position and orientation parameters of the sensor 30 relative to 
the source 10 are determined. Normally, the processor 46 provides the clock signals for switching the multiplexers and 
adjusts the gain of the amplifiers and/or drivers to provide automatic gain control. 

The remote object position and orientation deterrriining system of the present invention has a wide variety of ap- 
plications. For example, the sensor 30 can be associated with the stylus of a three dimensional digitizer which is used 
to trace a physical model or the like and generate a digital database. The resulting database can then be used to 
generate a wide variety of computer generated images of the physical model.. For example, the database created by 
tracing the physical model may be used to develop engineering and layout drawings. In plant design for example, the 
database may be used to compile parts lists and may interface with additional software to accomplish various engi- 
neering tasks. Applications for such three dimensional digitizers are found in such diverse industries as architectural 
engineering, shpe design and plastic bottle manufacturing. In another application, the digital databases created by 
tracing the physical models can be used to generate complex computer generated imagery in the film making art. In 
still another application, the sensor can be associated with a particular body part for the purpose of conducting biome- 
chanical studies. In an important military application, the sensor is associated with \he helmet and sighting reticle of 
the pilot of a military aircraft for determining the line of sight of the pilot to the target and thereafter initializing ordnance 
which is directed along the line of sight to the target. In the field of aviation generally, the system can be employed as 
an aircraft landing aid, the sensor being associated with the aircraft and the source reference coordinate frame being 
associated with a target landing area Still another application involves the nnonitoring of the body movements of an 
invalid for the purpose of creating a nonverbal communication system or providing a technique for remotely controlling 
various devices with nonverbal communicative body motion. It should be appreciated that in many of these applications, 
the accuracy and speed of the processing technique for converting the signal set received by the remote object into 
remote object position and orientation is critical to the success of the application. This is particularly true, for example, 
in cases where the pilot of a military aircraft travelling at several hundred miles an hour is attempting to initialize ord- 
nance to be delivered to a target within the reticle of his helmet.mounted sight. 

b) PROCESSING 

The following symbols are used in the present processing strategy. In the processing strategy, the source 10 is 
taken as origin of a cartesian coordinate reference frame, although this is riot a limitation of the processing algorithm. 

A set of 3x1 unit length basis vectors that define the source reference frame. The origin of this 
frame coincides with the center,of the source coil set. 

A set of 3x1 unit length basis vectors that define the sensor reference frame. The origin of this 
frame coincides with the center of the sensor coil set. 

A 3x3 signal matrix which represents a total of 9 measures of the three generated electromag- 
netic field vectors. , ' 

Each a 3x1 vector having a unique point of origin translated from the sensor frame origin, rep- 
resenting the three sensor or receiving antenna axes. The vector directions are measured with 
respect to the source reference frame X. Note that both source and sensor direction axes are 
measured with respect to the source frame. 

A 3x3 matrix representative of the sensor orientation. It is defined by partitioning the matrix into 
the three sensor antenna vectors 3^, anda^, as follows. 



n)^,m2,nj3 Each a 3x1 vector and each having a unique point of origin translated from the source's coil set 

origin, representing the three source or generating antenna axes. The vectors are measured 
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with respect to the source reference frame X. 

a The source moment matrix defined by partitioning m^, mg, andm^ as done above for A 

5i5^, bU2,^3 Each a 3x1 vector that defines the position of the corresponding sensor coil with respect to the 

sensor frame origin. The Fu vectors are expressed In the sensor reference frame. 

5t?i', 81/2', 553' Same as bu above except that the 5a' vectors are measured in the source reference frame. 

Fw2i ^3 Each a 3x1 vector that defines the position of the corresponding source coil with respect to the 
source frame origin. 

Si A 3x3 matrix defined in partitioned representatbn as 



A 



5^ A 3x3 matrix defined In partitioned representation as 



A 3x1 vector that defines the position of the sensor frame origin with respect to the source frame * 
origin. The components of rare r^, and r^^. 

The magnitude of the vector r, shovm without an overhead arrow, and Is equal to the square 
root of the sum of the squares of the vector components of r. 



r = Iri = Ji^ +7^ + rt 



r A position unit vector point from the source towards the sensor, calculated as ^ 

r 

^ij A 3x1 vector that* defines the position of the I* sensor coil with respect to the source coil, for 

allij in {1,2.3}. ' . 

rjj- The magnitude of the vector T/y. 

3 A 3x1 vector describing the magnetic B field, usually expressed in units of Tesia or Webers per 

square meter. and Bg are the radial and tangential components when S is expressed in spher- 
ical coordinates. The cartesian components are given by , B2, and B3. 

H A 3x3 field coupling matrix defined as • 



H = 



2 0 0 
0. -1 0 
0 0-1 



A. factor of two has been incorporated for mathematical convenience. It should be appreciated 
that if the system operates under other field. conditions, such as far-field, this coupling will 
■ change. The formulation of such couplings Is well-known by those skilled in the art; 
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and 



k 



A constant determined by consideration of physical constants, sensor sensitivity, source mag- 
netic moment, and amplifier gains. This constant is assumed to be unity for the simplification of 
the math presented. 



1) Oven/iew 



In the United. States Patent 4.737,794 issued to the present inventor for a METHOD AND APPARATUS FOR 
DETERMINING REMOTE OBJECT ORIENTATION AND POSITION, the Disclosure which is hereby incorporated here- 
in by reference, an aperture compensation technique is disclosed for accounting for field structures generated by other 
than infinitesimal dipole generating antennas and received by other than infinitesimal dipole receiving antennas. In the 
prior art, the physics of remote object orientation and position determining systems were described by equations mod- 
eling both source and sensor coils as infinitesimal dipoles. However, measurement errors due to this approximation 
become noticeable as source-sensor separation decreases and, when the aperture, or coil diameter, is comparable 
to the distance separating the source and sensor, equations other than an infinitesimal dipole approximation must be 
used to avoid measurement errors. Aperture compensation is accomplished in US 4,737,794 by taking into account 
terms other than the ordinarily dominant dipole l/r^ terms. Position and orientation solutions also may be compensated 
for field distortion resulting from fixed and moving metal objects in the vicinity of the source and serisor. According to 
the present invention, non-orthogonalities of the source or sensor coils can be calibrated and conripensation techniques 
applied during processing. 

US 4,737.794 patent makes reference to Arfken's Mathematical Methods for Physicists A. P. 1 968, page 439-443, 
which teaches that the B field from a current loop can be expressed in spherical, coordinates through the use of Legendre 
polynomials as follows. 



However, a simple current-loop corisists of an infinitesimally thin wire while a realizable coil has non-zero dimensions 
due to wire diameter. The field from a realizable coil having axial symmetry, with radius "a", height "b" and width V 
may be expressed in a similar form as follows; 



5^(r,e) 




(1) 



Bo(r,8) 




(2) 




(3) 




(4) 



In stfll amore general form, the B field from any axially symmetric coil can be expressed in a series expansk^n as follows; 
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7ir[^i^2c,P3(l)2oc,p, 



3-^5 



(5) 



(6) 



10 



15 



wherein the constants c,, and are determined by the. particular geometry of the coil or coil set. Coils that do not 
possess axial symmetry can be expressed with similar series representations but Involve more complex terms with 
ordinary Legendre functions being replaced with associated Legendre functions. The equation for the axial symmetric 
case is derived as normally done and aperture compensation is applied according to the constants appearing in this 
more general expansion. Often other than a series representation is possible with the use of elliptic Integrals, hyper- 
geomelric functions, or other mathematical expressions. 

In the present case, cailesian coordinates are the preferred coordinate system and substitutions are made as 
follows: 



20 



2 2 2 

= + + 



(7) 



2S 



(8) 



cos (8) = ^^ 



(9) 



30 



1 



•1 cose 1 
"1 " sin e 



(10) 



35 



40 



(11) 



45 



The vector dot product or inner product is used in equation (9); equation (11) can be written in dyadic notation as- 
the vector outer product of tlie vector f wilt! itself as follows. ' 



so 



5= J- 



^1 



(12) 



55 



The substitutions result in the following expression: 
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4n 
+ 



(13) 



10 



IS 



20 



The matrix x is the identity matrix and the magnetic moment vector m Is assigned a direction perpendicular to the 
plane of the current loop according to the right-hand-sense rule. 

The above power series may be modified to reflect non-concentricity compensation as well as aperture compen- 
sation. Indeed, field distortion effects froni nearby metal objects, such as helmet mounted display components, also 
can be cohipensated In this manner. However, the technique disclosed herein is not limited to a series expansion. Use 
of elliptic Integrals, hypergeometric functions, look-up tables, or other mathematical functions can be used to compute 
and compensate for any general coil configuration. Furthermore, compensation can be applied in the feedback of error' 
terms as disclosed in the said Jones 794 patent or directly. 

. An examination of the B-fleld equations above reveals that only odd powers of 1/r appear because the generating 
and receiving coils were assumed.to be situated at their respective origins and shared a common center. If the coils 
are offset from their respective origins, then both and even and odd powers of 1/r appear. 

As an example, consider a source coll which is aligned with the 6 = 0 axis is offset from its origin along this axis 
by an amount 5r, then the power series for the field along this axis would appear as follows: 



25 



S^{r,e=0) 



1 -bAE + (6 6r2 + c,) (A) 



(14) 



This illustrates that an offset In the coil's location produces both pdd and even terms in the power series expression 
for the fields It produces. By reciprocity a sensing coil is seen to behave exactly the same way 

30 ' 

2) Non-Concentricitv Parameters 

Compensation of magnetic field data or of the position and orientation solutions for non^concentric sources and 
sensors is based upon knowledge of the relative position of each generating coil of 'the source triad relative to the coll 

55 set center and of each receiving coil of the sensor triad relative to its coil set center. Concentricity used in this context 
is specifically 'spherical concentricity" having three dimensions of displacement as opposed to "axial concentricity" 
Tlierefore, the three vectors 5 iv-| , SiVg. , which define the individual positions of the source's coils relative to the 
source's assumed center, and the three vectors 6U2. §"3 . which define the individual positions of the sensor's 
coils, must be measured in order to implement comjDensatlon. Of course if there are a different number than three coils 

^0 then there will be a corresponding number of position vectors. The source's assumed center may be chosen to coincide 
with any one of the source coll positions and the sensor's assumed center may be chosen to coincide with any of the 
sensor's coll positions to reduce the amount of calculations since this forces one of the three vectors to be zero by 
definition. Other choices of assumed centers are possible. There are many methods available for measuring the coils' 
relative positions. For example one method, where n on -concentricity Is a result of large scale displacement in the 

^5 locations of the source coils and/or the sensoi^ coils relative to their assumed centers, is to perform a simple mechanical 
measurement with respect to the assurtied common center. However, this method may not provide sufficient accuracy 
in some cases and a magnetic test for coil positions may be required. 

One technique for measuring source and sensor coil positions magnetically is to position the device-under-test in 
a gimbal and immerse the device in an AC 1/r^ magnetic field. By either translating or rotating the device a change in 

50 the device's output voltage will occur and be used to calculate the coil's position. If a uniform field is attempted there 
would be no variation in device output voltage as a function of translating or rotating the device and nothing would be 
learned. A procedure based on rotation is as follows. A gimbal capable of 180 degree rotation in a single axis Is posi- 
tioned on the axis of a transmitting coil. The gimbal's axis of rotation is perpendicular to the transmitter's axis. The point 
of intersectbn of the gimbal axis with the transmitter's coil axis is at a known distance rg from the transmitter coil. A 

^ coil-under-test is then attached to the gimbal near the said point of Intersection and oriented such that its sensing axis 
is approximately co-axial with the transmitting coil's axis resulting in a maximum absolute coupling or mutual inductance 
between the two coils for the given distance Jq. Let 5r be the axial component of position of the coll-under-test relative 
to the Intersection point. The object of the test Is to measure 6r. The first step is to measure the output voltage "S^ ' of 
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the coil-under-test for this first orientation. The gimbal is then rotated 1 80 degrees producing output voltage "Sg" which 
again is a maximum absolute coupling, but its sign is opposite from "S/. The sign is reversed since in one case the 
sense coil was pointed towards the transmitting coil and in the other case it was pointed away. Assuming that the fields 
are principally Vfi behaved, then orientation 1 signal will be proportion to (r+5r)"3 and signal "S2'' for orientation 2 will 
be of opposite sign and proportional to (r-5r)-3 since the rotation changed the coil-under-test's axial position by 2 6r. 
The two relationships are shown below where "k" is a constant of proportionality that involves transmitter signal strength, 
receiver gain, frequency, and physical constants. 

^^=r^^'^2=7^3 (15)- 

The ratio of 5r/rQ can be easily solved and Is as follows. . 

Since Tq is known, then 5r is revealed. To measure the axial distances 5r of the several coils in an antenna set, a two- 
axis gimbal is preferred. For example, first opposing orientations are sampled, along the 1 axis of the 1 coil, then 
opposing orientations along the 2 axis of the 1 coil, then along the 3 axis of the 1 coil. The procedure is repeated for 
the 2 and 3 coils. To measure radial positions, the gimbal is located on the side of the transmitting coil and the coil- 
under-test axis is oriented parallel to the transmitter coil. This is best done by having a transmitting coil set and selecting 
a transmitting coil pointed 90 degrees away from the gimbal and corl-under-test. Since there are two components of 
radial position, rotations must be made about two axes. The rotation axes and the axis defined by a line connecting 
the transmitter coil position to the center of the gimbal must be approximately mutually orthogonal. Some orientations 
used to measure a component of non -concentricity of one coil are also suited for measuring a component of non- 
concentricity for another coil. Transmitting coils can be rotated in a similar fashion. The process reveals an axial and 
two radial measures of eccentricity relative to the center of rotation for each coil in the coil set. The three measurements 
can be expressed as three elements of a vector. For example the vector symbol bw^ denotes the said three eccentricity 
measurements for transmitting coil 1. Forthree transmitting coils there are three vectors Fiv^, Sivg.STva . Similarly there 
are three receiving vectors Wu^, ^2-^3 defining the eccentricities of the three receiving coils. It is important that either 
the rotations are made with a gimbal that has perfectly intersecting axes of rotations or if the axes are not precisely 
intersecting then it is important that additional rotations be made to measure gimbal intersection jn the same process. 
Another method is to rotate to more than just two opposing angles; angles separated by less than 180 degrees can 
be used which over specifies the non -concentricity measurements but can be solved for a minimum variance fit using 
linear regression. Still another method is to translate the device-under-test along its principal axes in small increments 
which over specifies the solution which is solved by linear regression analysis. Still another method is to combine 
translation and rotation. Other alternatives will suggest themselves to the skilled artisan. For example, accurate x-ray 
examination, rotating the coil while powering the coil current and obsen^ing the amplitude of the generated fields, or 
other non-destructive testing may be adequate in particular applications for measuring the non-concentricity parame- 
ters, 

3) Non -Concentric ity Compensation 

Once the three 3x1 source antenna position vectors FiVi.Jivg.Swa , and the three 3x1 sensor antenna position 
vectors 51/^,81/2,^3 are measured, their values ai-e recorded and entered into the remote position and orientation 
measuring system which enables the system to compute .either field compensation or position and orientation com- 
pensation tenms for the particular source-sensdr pair in use. Field compensation terms can be computed by estimating 
the delta signal for each of the nine signal elements. Since, in this case, there are three source and three sensing 
antennas, there will be. of interest, nine combinations of source-sensor coil positions. The nine combinations are cal- 
culated by subtracting a source coil position vector of interest from a rotated sensor coil position vector of Interest. 
Sensor coil position vectors are rotated with the sensor attitude matrix X as shown. The rotated sensor coil positions 
are denoted with primes. 
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6uJ = A 6Uj . 
6u^' = A bu^ 

The three source coll position vectors 5ivi,5iv2,8w3 are then subtracted from the three rotated sensor coil position 
vectors Sc/^, ^2*^3 formation- of the nine Sr^y vectors as follows. 

5r,^=Fu/-^. V/,/6{1,2.3} (18) 

The source reference frarne was chosen for convenience but any other reference frame would work as well provided 
all coordinates are rotated Into this frame. A given vector 5r/y represents the difference between the position of the 1*^ 
sensor coil relative to the sensor's assumed center and the position of the j*^ source coil relative to its assumed center. 
The vector between the sensor's assumed center and the source's assumed center Is denoted as r. Hence the positlori 
of the sensor's i**^ coil relative to the source's j*^ coil is given by 

r^=r+Sr^ (19) 

4) Large Non-Concentricitv Compensation 

Large non-concentricity is suited to large scale displacement in the locations of source and/or sensor coil positions. 
Using an estimated source-sensor position vector r, the nine positions of the i^ sensor coil, relative to the source 
coil, ry, are calculated, then the dyadic^ and the nine dyadics^ij are calculated. 

The relationship for remote object position and orientation analysis employing electromagnetic couplings is: 



S=—A^PHP*'M (20) 

where ^ represents a position matrix described with three mutually orthogonal unit vectors, one of which points at the 
sensor and where the "t" notation designates the transpose of a matrix. This remote object position and orientation 
equation is equivalent to the following from Jones '794, 

S^kA^-^ll^ii (21, . 



The above equation is an expression for all nine elements of the matrix S and is only valid for perfectly concentric 
coils sets of receivers and transmitters. The ij"' element of this matrix," denoted as Sj| involves the column of the 
risceiver matrixA denote.d by the vector a/ . the j^^ column of the transmitter matrix if denoted with the vector /Wy , the 
vector position of the i*'^, receiving coil relative to the j^h, transmitting coil denoted with the vector is expressed as 
follows. 



" \t^^ '"^ 

As previously discussed the dyadic^ appearing In this equation is constructed from the outer product of the vector 
position fjj.' 
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(23) 



Therefore the difference in the received signal S|j for the i*^, receiving coll and transmitting coil centered and for these 
coils displaced Is given by the following equation. 



(3% - J) 



{3R - J) 



(24) 



Since there are nine elements, there are nine such equations. The elements found in this manner define a delta signal 
matrix, ts • The elements may be initially detemnined based on estimated position and orientation parameters as well 
as the measured coil positions or coil non-concentricity data. Compensation is performed by adding the delta signal 
matriXAs from the received signal matrix § before a new position and orientation solution is begun. 

The process of subtracting a delta signal matrix from newly received signal matrix is illustrated in Fig. 3. Rather 
than correcting the elements of the received signal matrix, non -concentricity compensation may be applied directly to 
the position and orientation solution to correct the position in orientation, parameters. Modification of the processing 
algorithm to apply non-concentricity compensation directly to the position and orientation solution would be within the 
capabilities of the skilled artisan following the teachings presented herein. 

5) Small Scale Non-Concentricity Compensation 

When non -concentricities involve small displacements of the coils relative to source-to-sensor separation, a 
processing technique that requires fewer calculations may be applied. This technique computes the delta signal matrix 
elements using a Taylor series expansion. An element of the signal matrix § can also be vyritten as follows. As before 
the element sy Is the signal received by the i**^, receiving coil due to the magnetic field Bj generated by the source coil. 



Sij=%';Sj (25) 



where 



p % (26) 

A change in signal due to a change in position vector f is found by taking the gradient of Sy with respect.to r then taking 
the dot product of the gradient with the vector change in position, bTfj. The "Ij" subscript is dropped for the next few 
steps of the derivation to avoid confusion. First the gradient of "s" Is found. ' * .. 

. =(a'^)S + (S^^)a + ax{^xB)-i-Bx(^xa) ' (27) 

Since the curl of 'S Is identically zero, and all derivatives of % are zero, only the first term is non-zero. 
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Here a^, 83 are the elements of the vector a^y , and r^, r2, r3 are the elements 0I the vector fjj. The dot product with 
bTfj results in the following expression. 




(29) 



As before.these elements define the correction matrix^'^ to be subtracted from the received signal matrix s before 
a new position and orientation solution is begun (Fig. 3). • . 

c) CONCLUSION 

Thus it is seen that a processing scheme is provided that compensates for non-concentricities resulting from the 
manufacturing process that winds a plurality of orthogonal coils around an intended common center. Additionally, non- 
concentricity in the larger sense, namely, the intentional displacement of individual colls of the coil sets making up the 
source or sensor, may be accommodated. This Imparts flexibility in the application of the source and sensor coil sets 
to the particular application of the position and orientation measuring system; The accommodation of large scale non- 
concentricities is achieved with an algorithm that requires more calculations than the algorithm for small scale non- 
concentricities; however, with adequate processing speeds, this difference may be negligible. There may be particular 
applications where it may be desirable to apply thje principles of the present invention to only the coil set defining the 
source or only the coil set defining the sensor. 

The present invention in combination with the techniques disclosed in US 4,737,794, reduces errors to tolerable 
levels resulting from the treatment from all source and sensor coils as collocated, infinitesimal dipole devices. As such, 
the prior constraints placed upon the constaiction of the devices are removed, the location of individual coils and 
separation distances of the source and sensor coil sets becomes less critical. It is noted that the iterative algorithm, 
used here does not require the solution from a prior position and orientation measurement frame; however, it will 
converge more rapidly if it does. The principles of. the invention may be Implemented, however, with other processing 
algorithms using elliptic integrals, hypergeometric functions, look-up tables, and other mathematical expressions. Ad- 
ditionally, compensation for non-concentricities may be applied directly to the position and orientation parameters using 
the teachings presented herein. 

Claims 

1 . Apparatus for determining the position and orientation of a remote object relative to a reference coordinate frame 
comprising: 

a source (10), having a plurality of field generating elements (11-13) for generating electromagnetifc fields, the 
generating elements having spatially independent components (XI. X2, X3) defining a source reference co- 
ordinate frame; 

a driver (22) for applying to the source signals which generate a plurality of electromagnetic fields, the elec- 
tromagnetic fields being distinguishable from one another; 

a remote sensor (30) having a plurality of field-sensing elements (31-33) for sensing the generated electro- 
magnetic fields, the sensor being disposed on a remote object and the field-sensing elements having spatially 
independent components (Y1 , Y2. Y3) for defining a sensor reference coordinate frame; and 
a processor (46) for processing the outputs of the field-sensing elements into remote object position and 
orientation relative to the source reference coordinate frame, characterized in that the processor compensates 
the position and orientation as a function of displacement of the spatially independent components of the field- 
generating elements from the source reference coordinate frame or of the spatially Independent components 
of the field-sensing elements from the sensor reference coordinate fi-ame. 

2. Apparatus as claimed in claim 1, wherein the processor (46) is arranged to compensate the outputs of the field- 
sensing elements (31-33). 



3. Apparatus as claimed in claim. 1 or. 2, wherein the field^enerating elements include a set of field-generating an-. 
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tennas (11-13) each having a point of origin, the points of origin of the field-generating antennas being displaced 
from a common center and wherein the processor (42) is arranged to compensate for displacement of the points 
of origin of the field-generating antennas from the common center thereof. 

4. Apparatus as claimed in claim 1 , 2 or 3, wherein the field-sensing elements include a set of receiving antennas 
(31 -33) each having a point of origin, the points of origin of the receiving antennas being displaced from a common 

• center, and wherein the processor (42) Is arranged to compensate for displacement of the points of origin of the 
receiving antennas from the common center thereof. 

5. Apparatus as claimed in any of clainr^ 3 or 4 in which the processor (42) is arranged to process outputs of the 
field-sensing elements (31 -33) into remote object position and orientation of the remote sensor (30) relative to the 
source reference coordinate frame, wherein the processor compensates the position and orientation as a function 
of non-concentricity of the field^sensing elements and/or field-generating elements (11-13) with respect to the 
sensor/common center. 

6. Apparatus as claimed in any of claims 1 to 5, wherein the processor (42) compensates the components of the 
outputs of the sensing elements (31 -33) as a function of a prior solution of remote object position and orientation. 

7. Apparatus as claimed in any of claims 1 to 6, wherein the processor (42) compensates the position and orientation 
as a function of large-scale displacement of the spatially independent components (X^ X2 X3) of the field-generating 
elements (11-13) from the source reference coordinate frame or of the spatiallv independent components (Yi,Y2. 
Y3) of the field-sensing elements (31 -33) from the sensor reference coordinate frame. 

8. Apparatus as claimed in claim 5, wherein the processor (42) transforms the non-concentricity of the field-sensing 
elements (31-33) to the source reference coordinate frame. 

9. Apparatus as claimed in claim 8, wherein the processor (42) combines in the source reference coordinate frame 
the non-concentricity of the field-generating elements (11-13) with the non-concentricity of the field-sensing ele- 
ments (31 -33) in order to determine a set of factors defining the relative position of each of the field-sensing ele- 
ments with respect to each of the field-generating elements. 

10. A method of determining the position and orientation of a remote object relative to a reference coordinate frame 
comprising: . 

providing a source (10) including a plurality of field-generating elements (11-1 3) for generating electromagnetic 
fields, the field-generating elements having spatially independent components (XI , X2, X3) defining a source 
reference coordinate frame; 

applying multiplexed electrical signals to the field-generating elements and thus generating a set of distin- 
guishable electromagnetic fields; 

providing a remote sensor (30) includirig a plurality of field-sensing elements (31-33) disposed on a remote 
object and haying spatially independent components (Y1, Y2, Y3) defining a sensor reference coordinate 
frame; . 

sensing the electromagnetic fields and generating a set of signals that is representative of the sensed com- 
ponents of the electromagnetic fields; characterised by: 

processing the set of signals into remote object position and orientation in the source reference coordinate 
frame including compensating for one or both of (a) displacement of at least one of the components of the 
field-generating elements from the source reference coordinate frame and (b) displacement of at least one of 
the field-sensing elements from the sensor reference coordinate frame. 

11. A method as claimed in claim 10, wherein the compensating iricludes adjusting the set of signals that is represent- 
ative of the received components of the electromagnetic fields. 

12. A method as claimed in claim 11. including Initially determining source and/or sensor displacement parameters 
indicative of the displacement of the component of the field-sensing (31-33) and/or -generating elements (11-13) 
from the respective reference coordinate franrie. 

13. A fTiethod as claimed in any of claims 10 to 12, in which the field-sensing elements are field-sensing antennas 
(31 -33) and^or the field-generating elements are field-generatirig antennas (11-1 3). 
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14. A method as claimed in any of claims 10 to 13, in which the processing Includes compensating as- a function of 
non-concentricity of the components of the field-generating elements (11-13) with respect to a common center 
thereof or of non-concentricity of the components of the field-receiving elements (31 -33) with respect to a common 
center thereof by: 

establishing a signal matrix^ representative of the received components of the. electromagnetic fields; 
calculating 



10 



IS 



20 



As,,. = k a/ 



t3^i^- J) (3^^ J) 



where 



k is a scalar constant; 

a I is a vector pointing along the sensor's i^^ receiving axis; 



2S 



30 



3S 



4S 



SO 



r,y is a vector representative of the position of the sensor's i*^ coil relative to the source's \^ coil; 

^ is the magnitude of the vector fjfy ; 

r is a vector representative of the position of the sensor; 

r is the magnitude of the vector r ; 

■T is the the Identity matrix; • 
rrij lsa vector pointing along the source's magnetic moment'axis; 
adjusting the signal matrix as a function of As/j. 



15. A method as claimed in any of claims 10 to 13 in which the processing includes compensating as a function of 
non-concentricity of the componerits of the field generating elements (11-13) with respect to a common center 
thereof or of non-concentrlci'ty of the components of the field receiving elements (31 -33) with respect to a common 
4i> center thereof by: 

establishing a signal matrix s representative of the received components of said electromagnetic fields; 
calculating 



ss 



where 

k is a scalar constant; 
is a vector pointing along the sensor's 1*^ receiving axis; 
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tfj is a vector representative of the posftion of the sensor's jfi^ coil relative to the source's coil; 

rjj is the magnitude of the vector fyy ; 

r is a vector representative of the position of the sensor; 

r is the magnitude of the vector r ; 

^ is the identity miatrix; 

my is a vector pointing along the source's magnetic mornent axis; 
adjusting the signal matri^c as a function of As,y . 

Patentanspruche 

1 . Qerat zum Bestlmmen der Position und der Orientierung eines fernwirkenden Objektes relativ zu einem Referenz 
- Koordinatenrahmen, welches umfaBt: 

eine Quelle (10), die eine Vielzahl von Felderzeugungselementen (11-13) zum Erzeugen elektromagnetischer 
Felder hat, wobei die Erzeugungselemente raumlich unabhangige Komponenten (X1 , X2, X3) haben, die einen 
Quellenreferenz - Koordiriatenrahmen deflnieren; 

eine Antriebseinrichtung (22) zum Anwenden auf die Quellerisignale, welche eine Vielzahl von elektromagne- 
tischen Feldern erzeugt, wobei die elektrbmagnetischen Felder unterscheidbar voneinander sind; 
ein fernwirkender Sensor (30), der eine Vielzahl von.felddetektlerenden Elementen (31 - 33) zum Date ktieren 
der erzeugten elektromagnetlschen Felder hat, wobei der Sensor auf einem fernwirkenden Objekt angeordnet 
ist und die felddetektierenden Elemente raumlich unabhangige Komponenten (Y1,.Y2, Y3) zum Definieren 
eines Senson'eferenz - Koordinatenrahmens haben; und 
. einen Prozessor (46) zum Verarbelten der Ausgange der felddetektierenden Elemente der Position und Ori- 
entierung des fernwirkenden Objektes relativ zu dem Queltenreferenz - Koordinatenrahmen, dadurch gekenn- 
zeichnet, da3 der Prozessor die Position und die Orientierung ais eine Funktion der Verschiebung der raumlich 
unabhangigen Komponenten der felderzeugenden Elemente von dem Quellenreferenz - Koordinatenrahmen 
Oder der raumlich unabhangigen Komponenten der felddetektierenden Elemente von dem Sensorreferenz - 
Koordinatenrahmen kompensiert. 

2. Gerat nach Anspruch 1, worin der Prozessor (46) angeordnet ist, um die Ausgange der felddetektierenden Ele- 
mente (31 - 33) zu kompensieren. . 

3. Gerat nach Anspruch" 1 oder 2, worin die felderzeugenden Elemente einen Satz von felderzeugenden Antennen 
(11 - 13) beihhalten, von denen jede einen Entstehungspunkt hat, wobei die Entstehungspuhkte der felderzeu' 
genden Antennen von einem gemeinsamen Zentrum verschoben sind und worin der Prozessor (42) angeordnet 
ist, um die Verschiebung der Entstehungspunkte der felderzeugenden Antennen von dem gemeinsamen Zentrum 
derjenigen zu kompensieren. 

4. Gerat nach Anspruch 1 , 2 oder 3, worin die felddetektierenden Elemente einen Satz an Empfangsanlennen (31 - 
33) beinhalten, wovon jede einen Entstehungspunkt hat, wobei die Entstehungspunkte der Empfangsanlennen 
von einem gemeinsamen Zentrum verschoben sind, und worin der Prozessor (42) angeordnet ist. um die Ver- 
schiebung der Entstehungspunkte der Empfangsantenne von dem gemeinsamen Zentrum derjenigen zu kompen- . 
sieren. 

5. Gerat nach einem der Anspruche 3 oder 4, in welchem der Prozessor (42) angeordnet ist, um die Ausgange der 
felddetektierenden Elemente (31 - 33) zu einer fernwirkenden Objektposition und die Orientierung des fernwirken- 
den Sensors (30)' relativ zu dem Quellenreferenz - Koordinatenrahmen zu verarbelten, worin der Prozessor die 
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Koordination und die Orientierung als eine Funktlon der Nlchtkonzentriertheit der felddetektierenden Elemente 
^ und/oder der Felderzeugungselemente (11 - 13) in Hinblick auf das gemeinsame Zentrum des Sensors kompen- 
slert. 

6. Gerat nach einem der AnsprOche 1 bis 5, worin der Prozessor (42) die Komponenten der Ausgange der Detekti- 
onselemente (31 - 33) als eine Funktion einer vorherigen Losung der Position und Orientierung desfernwirkenden 
Objektes kompensiert. 

7. Gerat nach einem der Anspruche 1 bis 6, worin der Prozessor (42) die Position und die Orientierung als eine 
Funktion der Grobversclilebung der raumlich* unabhangigen Komponenten (X^, Xg. X3) derfelderzeugenden Ele- 
mente (11, 13). von dem Quellenreferenz - Koordlnatenrahmen oder der raumlich unabhangigen Komponenten 
(Yi Y^, Y3) der felddetektierenden Elemente (31-33) von dem Sensorreferenz - Koordlnatenrahmen kompensiert. 

a Gerat nach Anspruch 5, worin der Prozessor (42) die Nlchtkonzentriertheit der felddetektierenden Elemente (31 
33) an den Quellenreferenz - Koordlnatenrahmen ubertragt. 

9. Gerat nach Anspruch 8, worin der Prozessor (42) in den Quellenreferenz - Koordinatenrahmen die Nichtkonzen- 
triertheit der telderzeugenden Elernente (11 - 13) mit der Nlchtkonzentriertheit der felddetektierenden Elemente 
(31 - 33) kombiniert, urn einen Satz an Faktoren zu bestimmen. die die relative Position von jedem der felddetek- 
tierenden Elemente in Hinblick auf jedes der telderzeugenden Elemente zu definleren. 

10. Verfahren zum Bestimmen derPosition und Orientierung einesfernwirkend'en Objektes- relativzu einem Referenz. 
- Koordinatenrahmen, welches umfafit: 

Liefern einer Quelle (10), die eine.Vielzahl von telderzeugenden Elementeri (11,13) zum Erzeugen von elek- 
tromagnetischen Felder belnhaltet, wobel die telderzeugenden Elemente raumlich unabhangige Komponen- 
ten (XI , X2, X3), die eihen Quellenreferenz - Koordlnatenrahmen deflnieren, haben; Anwenden von multiple- 
xierten elektrischen Signalen auf die telderzeugenden Elemente und somit Erzeugen eines Satzes von unter- 
scheidbaren elektromagnetischen Feldem; 

Liefern eines fernwirkenden Sensors (30), der eine Vielzahl von felddetektierenden Elementen (31 , 33) be- 
inhaltet, die auf einem femwirkenden Objekt angeordnet sind und raumlich unabhangige Komponenten (Y1 , 
Y2, Y3) haben, die einen Sensorreferenz - Koordinatenrahmen definleren; 

Detektieren der elektromagnetischen Felder und Erzeugen eines Satzes von Signalen, die reprasentativ fur 
die detektlerten Komponenten der elektromagnetischen Felder sind; gekennzelchnet durch 
Verarbelten des Satzes von Signalen zu der Position und Orientierung des femwirkenden Objektes in dem 
Quellenreferenz - Koordinatenrahmen, welcher das Kompensieren fOr eine oder beide der (a) Verschiebung 
von mindestens einem der Komponenten der telderzeugenden Elemente von dem Quellenreferenz - Koordl- 
natenrahmen und (b) Verschiebung von mindestens einem der felddetektierenden Elemente von dem Sen- 
sorreferenz - Koordinatenrahmen be inhaltet. 

11. Verfahren nach Anspruch 10, worin das Kompensieren das Einstellen des Satzes von Signalen beinhaitet, das 
reprasentativ fur die empfangenden Komponenten der elektromagnetischen Felder ist. 

1 2. Verfahren nach Anspruch 1 1 , welches das anfangliche Bestimmen der Quelle und/oder der Sensorverschiebungs- 
parameterbeinhaltet, die die Verschiebung der Komponente der felddetektierenden (31 - 33) und/oder erzeugen- 

. den Elemente (11-13) von dem jeweiligen Referenz - Koordinatenrahmeri anzeigen. 

13. Verfahren nach einem der Anspruche 10 bis 12, in welchem die felddetektierenden Elemente felddetektlerende 
Antennen (31 - 33) sind und/oder,dle telderzeugenden Elemente felderzeugende Antennen (11 - 13) sind. 

14. Verfahren nach einem der Anspruche 10 bis 13. in welchem die Verarbeltung das Kompensieren als eine Funktion 
von Nichtkonzantriertheit der Komponenten der felderzeugenden Elemente (11 - 13) in Hinblick auf ein gemein- 
sames Zentrum derjenigen oder von der Nlchtkonzentriertheit der Komponenten der feldempfangenden Elemente 
(31 - 33) in Hinblick auf ein gemeinsames Zentrum derjenigen beinhaitet durch: 

Autbauen einer Signaimatrix 5. wetehe die empfangenen Komponenten der elektromagnetischen Felder dar- 
stellt; 

Berechnen von 
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k eine Skalarkonstante ist; 

a j ein Vektor ist, der entlang der i - ten Empfangsachse des Sensors zeigt; 



Tjj ein Vektor ist. der die Position der i - ten Spule des Sensors relativ zu der j - ten Spule der Quelle darstellt; 
^ die GroRe des Vektors Tjj ist; 

r ein Vektor ist, der die Position des Sensors darstellt; ^ 
r die GroBe des Vektors 7 ist; ■ 
I die Identitatsmatrix ist; 

mj ein Vektor ist, der entlang der Magnetmomentachse der Quelle zeigt; 
EInstellen der Signalmatrix als eine Funktion von ASy. 

15. Verfahfen nach einem der Anspruche 10 bis 1 3, in welchem die Verarbeitung das Kompensieren als eine Funktion 
der Nichtkonzentriertheit von den Komponenten der felderzeugenden Elemente (11 - 13) in Hinblick auf ein ge- 
meinsames Zentrum derjenigen oder von der Nichtkonzentriertheit der Komponenten der feldempfangenden Ele- 
mente (31 - 33) in Hinblick auf ein gemeinsames Zentrum derjenigen beinhaltet durch; 

Autbauen einer Signalrnatrlxs. welche die empfangenen Komponenten der elektromagnetlschen Felder dar- 
stellt; * , • .* 
Berechnen von 




worin 

k eine Skalackonstante ist; 

Sj ein Vektor ist. der entlang der i - ten Empfangsachse des Sensors zeigt; 
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ry ein Vektor 1st. der die Position der i - ten Spule des Sensors relativ zu der j - ten Spule der Quelle darstellt; 

Tjj die GroQe des Vektofs fj| ist; 

7 ein Vektor 1st, der die Position des Sensors darstellt; 

r die GroBe des Vektors Mst; 

I die Iderititatsmatrix ist; 

mj ein Vektor ist, der entlang der Magnetmomentachse der Quelle zeigt; 
Einstalien der Signalmatrix als eine Funktion von ASjj. 

Revendlcatlons 

1. Dispositif pour determiner la position et I'orientation d'un objet distant par rapport h un syst^me de coordonnees 
de reference comprenant : 

una source (10) comportant une pluralite d'elements generateurs de champ (11-13) destines k g^n^rsr des 
champs 6!ectromagn6tiques, les elements generateurs ayant des comppsantes spatialement independantes 
(X1, X2, X3) d6finissant un systeme de coordonnees de reference de source ; 

un pilote (22) destine k appliquer ^ la source des signaux g6n6rant une pluralite de champs electromagneti- 
ques, les champs electromagn§tjques pouvant se distinguer les uns des autres ; 

un detecteur a distance (30) comportant une pluralite d'elements detecteurs de champ (31-33) destines a 
detecter les champs electromagnetlques generes, le detecteur etant dispose sur un objet distant et les ele- 
ments detecteu rs de champ ayant des composantes spatialement Independantes (Y1 , Y2, YQ) pour definir un 
systeme de coordonnees de reference de detecteur ; et . 

un processeur (46) destin6 ^ traiter les sorties des elements detecteurs de champ dans une position et une 
orientation d'objet distant par rapport au syst6me de coordonnees de reference de source, 

caracterise en ce que le processeur compense la posrtion et rorientation en fonction de I'ecart des compo- 
santes spatialement independantes des elements generateurs de champ par rapport au systeme de coordonnees 
de reference de source ou des composantes spatialement Independantes des elements detecteurs de champ par 
rapport au systeme de coordonnees de reference de detecteur. 

2. Dispositif selon la revendication 1, dans lequel le processeur (46) est agence pour compenser. les sorties des 
elements detecteurs de champ (31-33). 

3. Dispositif selon la revendication 1 ou 2, dans lequel Jes elements detecteurs de champ comporteht un ensemble 
■ d'antennes generatrices de champ (11-13); ayant- chac une un point d'origine, les points cPorigine des antennes 

generatrices de champ etant ecartes par rapport ^ un centre commun et dans lequel le processeur (42) est agence 
pour compenser le deplacement des points d'origine des antennes generatrices de champ par rapport a leur centre 
commun. 

4. Dispositif selon la revendication 1 , 2 ou 3, dans lequel les elements detecteurs de champ comportent un ensemble 
d'antennes receptrices (31-33) ayant chacune un point d'origine, les points d'origine des antennes receptrices 
etant ecartes par rapport k un centre commun et dans lequel le processeur (42) est agence pour compenser te 
deplacement des points d'origine des antennes receptrices par rapport a leur centre commun. 

5. Dispositif selon Tune quelconque des revendications 3 ou 4, dans lequel le processeur (42) est agence pour traiter 
les sorties des elements detecteurs de champ (31 -33) dans.une position et une orientation d'objet distant (30) par 
rapport au systeme de coordonnees de reference de source, dans lequel le processeur compense la position et 
rorientation en fonction de la non-concentricite des elements detecteurs de champ et/ou des elements generateurs 
de champ (11-1 3) par rapport au centre commun du detecteur. 

6. Dispositif selon Tune quelconque des revendications. 1 a 5= dans lequel le processeur compense les composantes 
des sorties des elements detecteurs (31-33) en fonction d'une solution anterieure.de la position et de rorientation 
de I'objet distant. 

7. Dispositif selon Tune quelconque des revendications 1 a 6, dans lequel le processeur (42) compense la position 
et I'orientation en fonction d'un 6cart de grande echelle des composantes spatialement independantes (X^, X2. 
X3) des elements g6n6rateurs de champ (1 1 -1 3) par rapport au syst6me de coordonnees de reference de source 
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ou des composantes spatialement independantes (Y,, Yg. Y3) des elements generateurs de champ (31-33) par 
rapport au syst&me de coordonn6es de reference de dStecteur 

B. Dispositif selon la revendication 5, dans lequel le processeur (42) transforme la non-concentricite des Elements 
5 detecteurs de champ (31 -33) par rapport au syst^me de coordonn^es de reference de source. 

9. Dispositif selon la revendication 8, dans lequel le processeur (42) associe, dans le systeme de coordonn^es de 
reference de source, la non-concentricite des elements generateurs de champ (1M 3) k la non-concentriclt6 des 
elements detecteurs de champ (31-33) pour d^temriiner un ensemble de facteurs d^finlssant la position relative 

10 de chacun des 6l6ments detecteurs de champ par rapport & chacun des elements generateurs de champ. 

10. Precede pour determiner la position et Torientation d'un objet distant par rapport a un syst6me de coordonnees 
de reference comprenant : 

^5 la fournlture d'une source (10) comportant une pluralite d'eiements generateurs de champ (11-13) destines k 

generer des champs electromagnetiques, les elements generateurs ayant des composantes spatialement 
independantes (X1, X2, X3) definlssant un systeme de ccx>rdonn6es de reference de source ; 
rapplication de signaux eiectriques multiplexes aux elements generateurs de champ, et ainsi la generation 
d'un ensemble de champs electromagnetiques, pouvant se distlnguer ; 

la fourniture d'un detecteur a distance (30) comportant une pluralite d'elements detecteurs de champ (31-33), 
disposes sur un objet distant et ayant des composantes sfDatialement independantes (Y1 , Y2, Y3) definlssant 
un systeme de coordonnees de reference de detecteur ; 

la detection des champs electromagnetiques et la generation d'un ensemble de. signaux representarit les 
composantes detectees des champs electromagnetiques ; caracterise par ' 

le traitement de I'ensemble de signaux dans une position et une orientation d'objet distant dans le systeme 
de coordonnees de reference de source, comportant la compensation pour un ou les deux panmi (a) recart 
d'au moins une dss composantes des elements generateurs de champ par rapport au systfeme de coordon- 
nees de reference de source et (b) Tecart d'au moins un des elements detecteurs de champ par rapport au 

systeme de coordonnees de reference de detecteur. 

30 

11. Procede selon la revendication 10, dans lequel la compensation comports le reglage de Tensemble de signaux 
representant les composantes regues des champs electromagnetiques. 

12. Procede selon la revendication 11, comportant la determination initiale de parametres d'ecart de source et/ou 
detecteur, indiquant I'ecart de lacomposante des elements detecteurs (31 -33) et/ou generateurs (1 1-1 3) de champ 
par rapport au systeme de coordonnees de reference respectif. 

13. Procede-selon I'une quelconque des revendications 10 a 12. dans lequel les elements detecteurs de champ-sont 
des antennes detectrices de champ (31-33) et/ou les elements generateurs de champ sont des antennes gene- 

40 ratricesde champ (11-13). 

14. Procede selon I'une quelconque des revendications 10 k 1 3, dans lequel le traitement comporte la compensation 
en fonction de la non-concentricite des composantes des elements generateurs de champ (11-13) par rapport k 
un centre commun de ceux-ci ou de la non-concentricite des composantes des elements recepteurs de champ 

45 (31 -33) par rapport k un centre commun de ceux-ci : 

en etabllssant une matrice de signal S representant les composantes regues des champs electromagnetiques ; 
en calculant < . 
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k est une constante scalaire ; 

ay est un vecteur pointant le long du i-i&me axe de reception de ddtecteur ; 



9 

. est un vecteur representant ia position de la i-leme bobine de detecteur par rapport k la j-ieme bobine 
de source ; 

est I'amplitude du vecteur T^- ; 
r est un vecteur representant la position du detecteur; 
r est ramplitude du vecteur r; 
/ est la matrice d'identite ; 

Tfij est un vecteur pointant le long de i'axe du moment magnetrque de la source ; 
en reglant la matrice de signal en fonctlon de AS^ 

15. Precede salon I'une quelconque des revendications 1 0 a 1 3, dans leque! le traltement comporte une compensation 
en fonction de la non-concentricite des composantes des elements generateurs de champ (11-13) par rapport a 
un centre cornmun de ceux-ci ou de la non-concentricit6 des composantes des Pigments r^cepteurs de champ 
(31-33) par rapport § un centre commun de ceux-ci : 

en etablissant une matrice de signal .v representant les composantes revues desdits champs 
electromagnetiques ; 

calculant . / 




a/ est un vecteur pointant le long du i-i^me axe de reception de detecteur ; 



est un vecteur representant la position de la j-ieme bobine de detecteur par rapport h la j-ieme bobine 
de source ; 

est I'amplitude du vecteur 
r est un vecteur representant la position du detecteur ; • 
r est I'amplitude du vecteur 7; 
7 est la matrice d'identite ;. 

Tfij est un vecteur pointant le long de faxe du moment magnetique de la source ; 
en reglant la matrice de signal en fonction de AS^ 
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